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ABSTRACT: A method f o r  computing t h e  r a d i i  of NbO- 

and TaO- ions using da ta  on t h e  s o l u b i l i t y  of a l k a l i  

metaniobates and meta tan ta la tes  is discussed, and t h e  
r e s u l t s  are tabulated.  
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While doing systematic research  on various t a n t a l a t e s  and niobates w e  - /25* 

found w e  would have t o  use t h e  value of t h e  r a d i i  of metaniobate and metatanta- 

late ions i n  some o f ‘ t h e  computations. 

of t hese  r a d i i  i n  t he  l i t e r a t u r e ,  however, A. Ye. Fersman C l ]  introduces a 

value of 1.40 A f o r  t h e  magnitude of t h e  r a d i i  o f  t hese  ions ( f o r  both i o n s ) ,  

something t h a t  c l e a r l y  con t r ad ic t s  t h e  real i t ies  of t h e  s i t u a t i o n .  A. V. 

Lapitskiy and B. D. Nebylitsyn c i te  a magnitude of 1.76 A [2], one t h a t  

apparently is i n  b e t t e r  concordance with t h e  t r u e  value. However, t h e  method 

they use t o  estimate t h e  magnitudes of t h e  r a d i i  is very approximate. 

W e  w e r e  unable t o  f i n d  t h e  magnitudes 

0 

0 

In  view of t h e  foregoing, w e  decided t o  compute the  r a d i i  of NbO- 

ions by using d a t a  on t h e  s o l u b i l i t y  of a lkal i  metaniobates and 

and 
3 

TaO- 

meta tan ta la tes  t3, 41. 
3 

W e  computed t h e  values of change i n  t h e  free energy ( the  Gibbs free 

energy) as a r e s u l t  of t h e  formation of anhydrous a l k a l i  metaniobates and 

meta tan ta la tes  from t h e i r  i ons ,  and t h e i r  hea t s  of solution. The da ta  

obtained w e r e  used t o  f i n d  t h e  r a d i i  of t h e  N’bO and TaO ions ,  t h e i r  hea ts  

of hydration, and t h e  energy of t h e  c r y s t a l  lat t ices formed by t h e  meta-salts. 

The da ta  requi red  f o r  t h e  computation w e r e  taken from previously published 

papers C3, 41. 

- - 
3 3 

The r e s u l t s  of t h e  computations are l i s t e d  i n  t h e  accompanying tab le .  
0 

The rad ius  of t h e  niobate ion w a s  found t o  be equal t o  2.04 A ,  and its hea t  

of hydration to be equal t o  95 kcal/mole. The corresponding magnitudes f o r  

* Numbers i n  t h e  margin i nd ica t e  pagination i n  t h e  fo re ign  text. 
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t h e  t a n t a l a t e  ion were 1.83 A and 110 kcal/mole. 

The method used f o r  t h e  computation w a s  as follows, S o l u b i l i t y  a t  209 

and 30" w a s  e s t ab l i shed  by a s t r a i g h t  l i n e  ex t r apo la t ion  i n  logs  - l /T 

coordinates,  

t h e  theory of s t rong  e l e c t r o l y t e s  c.51. 
w a s  computed through t h e  genera l ly  known formula 

The a c t i v i t y  product a t  25" w a s  computed i n  concordance wi th  

The change i n  t h e  Gibbs free energy 

The Van't Hoff isochor equation w a s  used t o  compute the  hea t  of so lu t ion .  L2t 
2 

This equation, d log k/dT = -(q/RT ) ,  can be r ewr i t t en  i n  t h e  following form 

as appl icable  t o  sa l ts  

dT RT1T2 

RT1 T2 d log La 

dT 
A = -  , 

where 

A is t h e  heat of s o l u t i o n ;  

L a  is the  a c t i v i t y  product;  

T is t h e  absolu te  temperature; 

R is t h e  g a s  constant. 

It can be taken t h a t  A ,  t h e  d i f f e r e n t i a l  hea t  of s o l u t i o n ,  is equal t o  t h e  

i n t e g r a l  hea t  of s o l u t i o n  i n  t h e  case of salts  t h a t  are not r e a d i l y  soluble.  

The niobate and t a n t a l a t e  ion r a d i i  w e r e  computed by ,the simultaneous 

s o l u t i o n  of Kapustinskiy and Fajans equations C71. 
obtained w a s  solved by t h e  successive s u b s t i t u t i o n s  method. 

w a s  used t o  f i n d  t h e  hea t  of hydration [71. 

The f o u r t h  power equation 

Fajans equation 
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TABLE /26 

Substance Temperature, S o l u b i l i t y ,  Ac t iv i ty  Change i n  H e a t  of Energy of 

LiNbO, 

N :i S b 0; 

KNbOl 

KbSbOj 

CsXbO, 

LiTaO, 

S;aTa03 

XTa03 

KbTa 0, 

CrTaO, 

20 
'2 3 
39 

20 
25 
30 

20 
25 
30' 

20 
2.5 
30 

20. 
25 
30 

20 
2.5 
30 

20 
2.5 
$0 

'to 
2 5 
30 

20 
25 
30 

20 
25 
30 

s, m / l  product free s o l u t i o n  c r y s t a l  
La energy , h l a t t i ce ,  

U 
C 

AF" 

9,7 

8.8 

8.4 

10,s 

11.1 

10,9 

11,6 

11,s 

12.0 

12.3 ' 

kc a l/mo 1 e 

6,2 

14,4 

18.8 

0,3 

7,s 

10,s 

40.7 

14.3 

12,3 

3,4 

2!!6,5 

'Li1,CJ 

157.6 

17s.7 

150.1 

249,I 

'229.6 

21)1,6 

161 .I) 

181 ,.I 

Commas represent  decimal points.  
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